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4.2 Area 1 – West Greenland
 

west greenland lies at the northern boundary 
of the subpolar gyre and is thus subject to 
climatic variations within this gyre. the west 
greenland current follows the continental 
slope off west greenland and travels 
northwards through davis strait. fyllas bank 
station 4, located on the bank slope in about 
900 m of water, is governed mostly by the warm 
component of the west greenland current 
(below 150 m). in some years, shallow shelf 
water extends farther offshore, bringing 
colder water to station 4 (e.g. in 1983, 1992, 
and 2002). located farther offshore, cape 
desolation station 3 has a water column that 
is 3000 m deep and samples the west greenland 
current and the deep boundary current of the 
labrador sea.

 
 

West Greenland lies within an area that normally 
experiences warmer conditions when the NAO 
index is negative. Despite a positive (0.65) winter 
NAO index in 2008, air temperature conditions 
around Greenland continued to be warmer than 
normal; mean air temperatures at Nuuk show 
positive anomalies (+0.3°C).
 
At Fyllas Bank, the autumn 2008 subsurface 
temperatures were only 0.26°C above normal, 
which is significantly lower than in autumn 2003, 
when temperatures peaked at 2.69°C above 
normal. Gradual cooling can be seen at Fyllas Bank, 
continuing during autumn. The long-term mean 
(1963–1990) for the 0–200 m layer is 2.70°C.
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Figure 14. 
Area 1 – West Greenland. Annual 
mean air temperature at Nuuk.

Figure 15. 
West Greenland.  Autumn 
temperature (upper panel) and 
salinity (lower panel) at 0–200 m 
at Fyllas Bank Station 4.
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4.3 Area 2 – Northwest Atlantic: Scotian Shelf 
and the Newfoundland and Labrador Shelf
 
Scotian Shelf

  
the continental shelf off the coast of nova 
scotia is characterized by complex topography 
consisting of many offshore shallow banks 
and deep mid-shelf basins. it is separated from 
the southern newfoundland shelf by the 
laurentian channel and borders the gulf of 
maine to the southwest. surface circulation 
is dominated by a general flow towards the 
southwest, interrupted by clockwise movement 
around the banks and anticlockwise movement 
around the basins, with the strengths varying 
seasonally.
  
hydrographic conditions on the scotian 
shelf are determined by heat transfer between 
the ocean and atmosphere, inflow from the 
gulf of st lawrence and the newfoundland 
shelf, and exchange with offshore slope 
waters. water properties have large seasonal 
cycles and are modified by freshwater run-
off, precipitation, and melting of sea ice. 
temperature and salinity exhibit strong 
horizontal and vertical gradients that are 
modified by diffusion, mixing, currents, and 
shelf topography.

In 2008, annual mean air temperatures over 
the Scotian Shelf, represented by Sable Island 
observations, were 0.5°C above the long-term mean 
(based on 1971–2000 mean values). 
 
The amount of sea ice on the Scotian Shelf in 2008, 
as measured by the area of ice seawards of Cabot 
Strait between Nova Scotia and Newfoundland 
from January to April, was well below the long-term 
mean coverage of 39 000 km2. This is substantially 
less than the 2003 cover which was the highest in 
the 40-year record.
  
Topography separates the northeastern Scotian 
Shelf from the rest of the shelf. In the northeast, 
the bottom tends to be covered by relatively cold 
waters (1–4°C), whereas the basins in the central 
and southwestern regions typically have bottom-
water temperatures of 8–10°C. The origin of the 
latter is the offshore slope waters, whereas in the 
northeast, the water comes principally from the 
Gulf of St Lawrence. The interannual variability 
of the two water masses differs. Measurements of 
temperatures at 100 m at the Misaine Bank station 
capture the changes in the northeast. They reveal 
average conditions in 2008. In Emerald Basin, 
temperatures in 2008 were below normal at 100 m.

Figure 16. 
Area 1 – West Greenland. 
Temperature (upper panel) and 
salinity (lower panel) at 50 m at 
Cape Desolation Station 3.
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the amount of sea ice on the scotian 
shelf was well below normal in 2008.
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Figure 17. 
Area 2 – Northwest Atlantic: 
Scotian Shelf. Monthly means of 
ice area seawards of Cabot Strait 
(upper panel) and filtered air 
temperature anomalies at Sable 
Island on the Scotian Shelf (lower 
panel).
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Figure 18. 
Area 2 – Northwest Atlantic: 
Scotian Shelf. Near-bottom 
temperature anomalies (upper 
panel) and salinity anomalies 
(lower panel) at Misaine Bank 
(100 m). 
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Figure 19. 
Area 2 – Northwest Atlantic: 
Scotian Shelf. Near-bottom 
temperature anomalies (upper 
panel) and salinity anomalies 
(lower panel) in the central Scotian 
Shelf (Emerald Basin 250 m).
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Newfoundland and Labrador Shelf
 
 
this region is situated on the western side 
of the labrador sea, stretching from hudson 
strait to the southern grand bank and 
dominated by shallow banks, cross-shelf 
channels or saddles, and deep marginal 
troughs near the coast. circulation is 
dominated by the south-flowing labrador 
current bringing cold, fresh waters from the 
north, together with sea ice and icebergs, to 
southern areas of the grand banks.
  
hydrographic conditions are determined 
by the strength of the winter atmospheric 
circulation over the northwest atlantic (nao), 
advection by the labrador current, cross-shelf 
exchange with warmer continental slope 
water, and bottom topography. superimposed 
are large seasonal and interannual variations 
in solar heat input, sea-ice cover, and storm-
forced mixing. the resulting water mass on 
the shelf exhibits large annual cycles with 
strong horizontal and vertical temperature 
and salinity gradients.
 
 

The Rogers NAO index for 2007 and 2008 was 
slightly above normal (this index offers a better 
comparison with conditions in the western North 
Atlantic than the Hurrell winter NAO index). As a 
result, Arctic outflow to the Northwest Atlantic was 
stronger than in 2006, resulting in a broad-scale 
cooling throughout the Northwest Atlantic, from 
West Greenland to Baffin Island and to Labrador 
and Newfoundland.
 
Annual air temperatures remained above normal at 
Labrador (0.8ºC at Cartwright) and Newfoundland 
(1ºC at St John’s), and were significantly lower than 
the record highs of 2006, although higher than 2007. 
Sea-ice extent on the Newfoundland and Labrador 
Shelf was below average for the 14th consecutive 
year. The winter ice extent was the highest since 
1997, whereas the spring extent ranked 11th lowest 
since 1963.
 
At the standard monitoring site off eastern 
Newfoundland (Station 27), the depth-averaged 
annual water temperature decreased from the 
record high observed in 2006 to about normal in 
2007, and to 0.2ºC above normal in 2008. Surface 
temperatures at Station 27 also increased from 
the record 2007 values to 1ºC above normal, while 
bottom temperatures remained above normal for 
the 13th consecutive year.
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A robust index of ocean climate conditions in 
eastern Canadian waters is the extent of the cold 
intermediate layer (CIL) of <0°C water overlying the 
continental shelf. This winter-cooled water remains 
trapped between the seasonally heated upper layer 
and the warmer shelf-slope water throughout 
summer and autumn. During the 1960s, when the 
NAO index was well below normal, with the lowest 
value ever recorded in the 19th century, the volume 
of CIL water was at a minimum, while during the 
high NAO years of the early 1990s, the CIL volume 
reached a near-record high. During 2008, the cross-
sectional area of the CIL remained below normal 
on the eastern Newfoundland Shelf for the 14th 
consecutive year, ranking 5th lowest since 1948.
 

In general, water temperatures on the 
Newfoundland and Labrador Shelf were below the 
record high observed in 2006, but remained above 
normal in most areas, continuing the warmer-than-
normal conditions experienced since the mid- to 
late 1990s. Shelf-water salinities, which were lower 
than normal throughout most of the 1990s, have 
increased to above-normal values during the past 
seven years, although there has been considerable 
local variability as a result of melting sea ice and 
freshwater run-off.
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Figure 20. 
Area 2 – Northwest Atlantic: 
Newfoundland and Labrador 
Shelf. Monthly sea-ice areas off 
Newfoundland and Labrador 
between 45°N and 55°N.

Figure 21. 
Area 2 – Northwest Atlantic: 
Newfoundland and Labrador 
Shelf. Annual air temperature 
anomalies at Cartwright on the 
Labrador coast.
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4.4 Area 2b – Labrador Sea

 
the labrador sea is located between greenland 
and the labrador coast of eastern canada. 
cold, low-salinity waters of polar origin 
circle the labrador sea in an anticlockwise 
current system that includes both the north-
flowing west greenland current on the 
eastern side and the south-flowing labrador 
current on the western side. warm and saline 
atlantic waters originating in the subtropics 
flow northwards into the labrador sea on 
the greenland side and become colder and 
fresher as they circulate.

changes in labrador sea hydrographic 
conditions on interannual time-scales depend 
on the variable influences of heat loss to the 
atmosphere, heat and salt gain from atlantic 
waters, and freshwater gain from melting 
arctic sea ice. a sequence of severe winters 
in the early 1990s led to deep convection 
peaking in 1993–1994 that filled the upper 2 km 
of the water column with cold, fresh water. 
conditions have been milder in recent years. 
the upper levels of the labrador sea have 
become warmer and more saline as heat losses 
to the atmosphere have decreased and atlantic 
waters have become increasingly dominant.

Figure 22. 
Area 2 – Northwest Atlantic: 
Newfoundland and Labrador 
Shelf. Annual depth-averaged 
Newfoundland Shelf temperature 
anomalies (top panel), salinity 
anomalies (middle panel), and 
spatial extent of cold intermediate 
layer (CIL; bottom panel).
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Figure 25. 
Area 2b – Labrador Sea. 
2008 monthly sea surface 
temperature data from the west-
central Labrador Sea (56.5°N 
52.5°W). Data obtained from 
the HadISST1.1sea ice and sea 
surface temperature dataset, UK 
Meteorological Office, Hadley 
Centre.

Figure 23. 
Area 2b – Labrador Sea. Potential 
temperature (upper panel) and 
salinity (lower panel) at 0–150 
m, from four stations in the west-
central Labrador Sea (centred 
at 56.7°N 52.5°W). Estimates 
of seasonal changes based on 
climatology have been removed 
from these spring/early summer 
measurements.

Figure 24. 
Area 2b – Labrador Sea. 
Annual mean sea surface 
temperature data from the west-
central Labrador Sea (56.5°N 
52.5°W). Data obtained from 
the HadISST1.1 sea ice and sea 
surface temperature dataset, UK 
Meteorological Office, Hadley 
Centre. 

The upper 150 m of the west-central Labrador 
Sea has warmed by ~1°C and increased in 
salinity by ~0.1 since the early 1990s. The winter 
of 2007/2008 was unusually cold compared with 
recent years, but hydrographic conditions in 2008 
remained warm and saline, with both temperature 
and salinity showing increases relative to 2007. 

The 2008 annual mean SST in the west-central 
Labrador Sea rebounded from a slight cooling in 
2007 to exceed the long-term 1971–2000 mean by 
0.8°C. This was the 15th consecutive year that was 
warmer than normal.
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Figure 26. 
Area 2c – Mid-Atlantic Bight. 
The three regions of ongoing 
time-series. GOM = Gulf of 
Maine (XBT measurements and 
surface samples); GB = Georges 
Bank (CTD stations); MAB 
= central Mid-Atlantic Bight 
(XBT measurements and surface 
samples). The isobaths shown 
range from 100 to 500 m by 100 
m increments, and from 1000 to 
4000 m by 500 m increments. 
Data provider: Woods Hole 
Oceanographic Institution, USA.

4.5 Area 2c – Mid-Atlantic Bight
 

the hydrographic conditions in the western 
slope sea, the mid-atlantic bight, and the gulf 
of maine depend upon the supply of waters 
from the labrador sea, along both the shelf 
and the continental slope. these waters 
have been monitored by regular expendable 
bathythermograph (xbt) and surface salinity 
observations from commercial and fishing 
vessels since 1978. one section runs southeast 
of new york city to bermuda and the other 
traverses the gulf of maine, east of boston. 
hydrographic conditions throughout the 
shelf, including georges bank, have also been 
monitored annually since 1977 by bottom-
trawl surveys.
  
 
Figure 27 shows surface temperature and salinity 
anomalies along the XBT line southeast of New 
York City. On the shelf (within 200 km of the coast), 
the waters have generally been warm and fresh 
since 2005, but slope waters have displayed more 
variability, with higher amplitude signals. 
 

Figure 28 shows surface temperature and salinity 
anomalies along the XBT line through the Gulf of 
Maine. Conditions have been generally warm since 
2006, while the salinity has remained close to the 
climatological average (although there is a gap in 
data in the latter half of 2008).
  
The Georges Bank surface observations (0–30 m) 
come from a wide region covering the Bank. Figure 
29 shows temperature and salinity anomalies. The 
anomalies are in original units relative to the mean 
for 1977–2000. Since 2005, conditions on the Bank 
have tended to be warm with a weaker salinity 
signal. This is consistent with the Gulf of Maine 
XBT data. Figure 30 suggests that Georges Bank has 
returned to the state it was in during the late 1990s 
and early 2000s (i.e. generally warm, but close to 
the long-term average in salinity).  

shelf waters on the mid-atlantic 
bight have been warmer than 
average the past few years.
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Figure 27. 
Area 2c – Mid-Atlantic Bight. 
Temperature and salinity in 
the central Mid-Atlantic Bight. 
Top panel: surface temperature 
anomaly (relative to the base 
period of 1978–2007) from 
XBT measurements. The origin 
of the line is New York City. 
Bottom panel: sea surface 
salinity anomalies from bottle 
measurements. Data provider: 
Woods Hole Oceanographic 
Institution, USA.

Figure 28. 
Area 2c – Mid-Atlantic Bight. 
Temperature and salinity in the 
Gulf of Maine. Top panel: surface 
temperature anomaly (relative to 
the base period of 1978–2007) 
from XBT measurements. The 
origin of the line is Boston. 
Bottom panel: sea surface 
salinity anomalies from bottle 
measurements. Data provider: 
Woods Hole Oceanographic 
Institution, USA.
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Figure 29. 
Area 2c – Mid-Atlantic Bight. 
Time-series plots of 0–30 m 
averaged temperature anomaly 
(top panel) and salinity anomaly 
(bottom panel) at Georges Bank.

Figure 30. 
Area 2c – Mid-Atlantic Bight. 
2008 monthly temperatures 
(0–30 m) at Georges Bank.
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Voluntary observing ships

Many of the data presented here are collected from commercial vessels that voluntarily make ocean measurements along their 
journeys. The results from monthly sampling of surface and bottom temperatures for nearly three decades reveal the power of 
systematic or repeat sampling from merchant marine vessels. A number of vessels are now operating automated systems to sample 
temperature and salinity while underway. The key to success with these is to ensure that the data become available as soon as the 
vessel makes a port call. There is a pressing need for merchant-marine-optimized techniques to track and report data from the ocean 
in a timely fashion. 
  
The section east of Boston has depended upon observations from various vessels, including those from Eimskipafelag, Caribou 
Seafoods, the US Coast Guard, and Hans Speck and Son. Their cooperation is greatly appreciated.
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Figure 31. 
Area 3 – Icelandic waters. Main 
currents and location of standard 
sections in Icelandic waters.

4.6 Area 3 – Icelandic Waters
 
 
iceland is at the meeting place of warm and 
cold currents. these converge in an area of 
submarine ridges (greenland–scotland ridge, 
reykjanes ridge, kolbeinsey ridge) that form 
natural barriers to the main ocean currents. 
the warm irminger current, a branch of the 
north atlantic current (6–8oc), flows from 
the south, and the cold east greenland and 
east icelandic currents (–1oc to 2°c) flow from 
the north. deep bottom currents in the seas 
around iceland are principally the overflow 
of cold water from the nordic seas and the 
arctic ocean over the submarine ridges into 
the north atlantic.
  
hydrographic conditions in icelandic waters 
are generally closely related to atmospheric 
or climatic conditions in and over the country 
and the surrounding seas, mainly through 
the iceland low-pressure and greenland high-
pressure systems. these conditions in the 
atmosphere and the surrounding seas affect 
biological conditions, expressed through 
the food chain in the waters, including 
recruitment and abundance of commercially 
important fish stocks.
 

In 2008, mean air temperatures in the south 
(Reykjavik) and north (Akureyri) were above long-
term averages. During the year, temperature and 
salinity levels south and west of Iceland remained 
high. In the north, spring and autumn temperatures 
and salinities of surface layers were around average. 
Salinity and temperature in the East Icelandic 
Current in spring 2008 were above average. In 
February 2009, temperatures and salinities were 
above the long-term mean in the south and west, 
and around or below it in the north and east.



ICES Report on Ocean Climate 2008

32/33

Figure 32. 
Area 3 – Icelandic waters. 
Mean annual air temperature 
at Reykjavík (upper panel) and 
Akureyri (lower panel).
 

Figure 33. 
Area 3 – Icelandic waters. 
Temperature (upper panel) and 
salinity (lower panel) at 50–150 
m at Siglunes Stations 2–4 in 
North Icelandic waters.
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Figure 34. 
Area 3 – Icelandic waters. 
Temperature (upper panel) and 
salinity (lower panel) at 0–200 
m at Selvogsbanki Station 5 in 
South Icelandic waters.

Figure 35. 
Area 3 – Icelandic waters. 
Temperature (upper panel) and 
salinity (lower panel) at 0–50 
m in the East Icelandic Current 
(Langanes Stations 2–6) since 
1950.
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4.7 Area 4 – Bay of Biscay and eastern 
Atlantic

 
the bay of biscay is located in the eastern 
north atlantic. its general circulation 
follows the subtropical anticyclonic gyre 
and is relatively weak. in the southern part of 
the bay of biscay, east-flowing shelf and slope 
currents related with the iberian poleward 
current are common in autumn and winter 
as a result of westerly winds. in spring and 
summer, easterly winds are dominant, and 
coastal upwelling events are frequent.

 
Like 2007, the year 2008 was one of contrasts in the 
Bay of Biscay: a mild early winter and spring, and 
a cold summer and autumn. Overall, the northern 
part of the Iberian Peninsula had average annual 
meteorological conditions in 2008. Annual mean air 
temperature over the southern Bay of Biscay during 
2008 was 0.25°C higher than the average value 
for the 1971–2000 period, but lower (~1°C) than 
some recent warm years (2003 and 2006). The 2008 
pattern of warm winter/cold summer also contrasts 
with the cold winter/warm summer pattern in 
2005 and 2006. As expected, the SST reflected the 
warmer–colder pattern, with a high temperature 
in May, contrasting with the fast and deep cooling 
from September to December. This pattern was 
caused by low air temperatures in the second half 
of the year, related to the high frequency of cloudy 
and rainy days. As in 2007, a noticeable reduction in 
hours of sunshine and subsequent solar radiation 
was recorded (24% lower than the 1986–2007 
average for the year and 36% lower for the June–
December period).
  
The pattern for subsurface and intermediate waters 
differs from the air and SST pattern. A strong, cold 
anomaly was produced in the local intermediate 
waters after the very cold winter of 2004/2005, 
followed by the formation of an anomalous warm 
mixed layer in 2007, as a consequence of the warm 
2006 autumn and the warm 2006/2007 winter. The 
integration into the upper layers of the 2008 seasonal 
anomalies slightly reverses the warming tendency 
detected in the ocean interior in previous years. In 
the North Atlantic Central Water and Mediterranean 
Water, the warming trend continues. 

This area is occasionally affected by a strong 
high-salinity signal at the shelf and shelf break, a 
phenomenon typically associated with the advection 
of waters of subtropical origin through the Iberian 
Poleward Current (IPC). In 2008, a high-salinity 
signal appeared throughout the water column as a 
result of a strong episode of IPC advecting saltier 
waters than those observed in December 2006 
and January 2007. The salinity increase reached 
the maximum of the trend started in 2003. There 
were high positive anomalies in precipitation and 
river run-off in the area, but the subsequent low-
salinity signal was slight and restricted to upper 
layers until the autumn. At the end of the year, after 
strong precipitation and the start of winter mixing, 
some reversal of the increasing trend in salinity was 
observed. 

34/35

RV Polarfront, image courtesy of Margaret Yelland, National Oceanography Centre, Southampton, UK.

the advection of high-salinity 
water overwhelmed above-average 
precipitation and run-off.
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Figure 36 . 
Area 4 – Bay of Biscay and eastern 
Atlantic. Sea surface temperature 
(upper panel) and air temperature 
(lower panel) at San Sebastian 
(43°18.5’N 02°2.37’W).

Figure 37 . 
Area 4 – Bay of Biscay and eastern 
Atlantic. Potential temperature 
(upper panel) and salinity (lower 
panel) at Santander Station 6 
(5–300 m).

11.5

12.0

12.5

13.0

13.5

14.0

 

 

Temperature oC
1-yr Smoothed Data

1992 1997 2002 2007

35.4

35.5

35.6

35.7

35.8

Year

Data Provider: IEO - Instituto Espanol de Oceanografia - Spanish Institute of Oceanography
                          Ref: ICES Report on Ocean Climate 2008                          

 

 

Salinity
1-yr Smoothed Data



ICES Report on Ocean Climate 2008

36/37

Figure 38. 
Area 4 – Bay of Biscay and 
eastern Atlantic. 2008 monthly 
temperature (left panel) and 
salinity (right panel) at Santander 
Station 6 (5–300 m).
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4.8 Area 4b – Northwest European
continental shelf
  
Western English Channel
 
  
station e1 (50.03on 4.37ow) is situated in the 
western english channel and is mainly 
influenced by north atlantic water. the 
water depth is 75 m, and the station is tidally 
influenced by a 1.1 knot maximum surface 
stream at mean spring tide. the seabed is 
mainly sand, resulting in a low bottom stress 
(1–2 ergs cm-2 s-1). the station may be described 
as oceanic with the development of a seasonal 
thermocline; stratification typically starts in 
early april, persists throughout summer, and 
is eroded by the end of october. the typical 
depth of the summer thermocline is around 
20 m. the station is greatly affected by ambient 
weather.
 
measurements have been taken at this station 
since the end of the 19th century, with data 
currently available since 1903. the series is 
unbroken, apart from the gaps for the two 
world wars and a hiatus in funding between 
1985 and 2002. the data takes the form of 
vertical profiles of temperature and salinity. 
early measurements were taken with reversing 
mercury-in-glass thermometers and discrete 
salinity bottles. more recently, electronic 
equipment (seabird ctd) has been utilized.
 

The time-series shows considerable interannual 
variability in temperature. In 2008, Station E1 
was sampled on 11 occasions, with no sampling 
occurring before April. The minimum recorded 
surface temperature (April) was 10.1°C, and the 
maximum surface temperature (July) was 15.8°C. 
The temperatures for the year as a whole were 
close to average throughout, although slightly 
cooler than the long-term mean in the spring and 
early summer. This could be partly the result of the 
enhanced vertical mixing caused by the windiest 
summer conditions for 40 years and reduced levels 
of insolation.
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Figure 39. 
Area 4b – Northwest European 
continental shelf. Temperature 
anomalies (upper panel) and 
salinity anomalies (lower panel) 
of surface water at Station E1 
in the western English Channel 
(50.03°N 4.37°W). 

Figure 40. 
Area 4b – Northwest European 
continental shelf. 2008 monthly 
temperature (left panel) and 
salinity (right panel) of surface 
water at Station E1 in the western 
English Channel (50.03°N 
4.37°W). 

-4

-3

-2

-1

 0

 1

 2

 3

 4

 

 

Temperature Anomaly oC

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
-0.8

-0.6

-0.4

-0.2

0.0 

0.2 

0.4 

0.6 

0.8 

Year

Data Provider:  Marine Biological Association and Plymouth Marine Laboratory
                   Ref: ICES Report on Ocean Climate 2008                   

 

 
Salinity Anomaly

J F M A M J J A S O N D
6.0 

8.0 

10.0

12.0

14.0

16.0

18.0

Month

 

 

Averaging Period: 1903-2007

Mean
2008 Temperature
Standard Deviation
Max/Min

J F M A M J J A S O N D
34.20

34.40

34.60

34.80

35.00

35.20

35.40

35.60

Month

   Data Provider: MBA and PML - UK    
Ref: ICES Report on Ocean Climate 2008

 

 
Averaging Period: 1903-2007

Mean
2008 Salinity
Standard Deviation
Max/Min



ICES Report on Ocean Climate 2008

38/39

Figure 41. 
Area 4b – Northwest European 
continental shelf. Temperature at 
the Malin Head coastal station 
(55.39°N 7.38°W).

Figure 42. 
Area 4b – Northwest European 
continental shelf. 2008 monthly 
temperature at the M3 Weather 
Buoy southwest of Ireland 
(51.22°N 10.55°W). No salinity 
data collected at this station.

North and southwest of Ireland

 
the time-series of surface observations at 
the malin head coastal station (the most 
northerly point of ireland) is inshore of 
coastal currents and influenced by run-off.

 
Temperatures have been increasing since the 
late 1980s, and those for the mid-2000s were the 
highest since records began in 1960. Temperatures 
in 2008 remained above the long-term mean in all 
months. Data presented here are to the end of 2008. 
The seasonal cycle on the Irish Shelf is illustrated 
by data from the M3 weather buoy, southwest of 
Ireland.
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4.9 Area 5 – Rockall Trough

 
the rockall trough is situated to the west of 
britain and ireland and is separated from the 
iceland basin by the hatton and rockall banks, 
and from the nordic seas by the shallow (500 m) 
wyville–thomson ridge. it allows warm north 
atlantic upper water to reach the norwegian 
sea, where it is converted into cold, dense 
overflow water as part of the thermohaline 
overturning in the north atlantic. the upper 
water column is characterized by poleward-
moving eastern north atlantic water, which is 
warmer and saltier than waters of the iceland 
basin, (which also contribute to the nordic 
sea inflow).
 
 
 

In 2008, the surface waters of the Rockall Trough 
(averaged from the surface to a depth of 800 m from 
the Rockall Bank to the Scottish Shelf) remained 
warm relative to the 1975–2000 mean value 
(9.21°C). However, they were cooler than in the 
preceding two years. The highest recorded salinity 
since 1975 (35.413) occurred in 2008, in contrast to 
the freshening trend that had begun to emerge in 
the observations. This value was 0.86 higher than 
the 1975–2000 mean. The years 2006 and 2007 were 
anomalously warm for their observed salinities. 
Since 1975, the Rockall Trough has been warming 
at a rate of 0.027°C year−1 and becoming saltier at a 
rate of 0.0024 units year−1.
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Figure 43. 
Area 5 – Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) for the 
upper ocean (0–800 m).
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4.10 Area 5b – Irminger Sea

 
the irminger sea is the ocean basin between 
southern greenland, the reykjanes ridge, and 
iceland. this area forms part of the north 
atlantic subarctic anticyclonic gyre. because 
of this gyre, the exchange of water between 
the irminger sea and the labrador sea is 
relatively fast.
 
  

In 2004, the Subpolar Mode Water (SPMW) in the 
centre of the Irminger Sea, in the pressure interval 
200–400 dbar, reached its highest temperature and 
salinity since 1991. Since then, a slight cooling 
and freshening has occurred, related to a lack of 
convective activity. In winter 2007/2008, convection 
in the SPMW reached depths of at least 1000 m, 
resulting in a temperature decrease of nearly 1°C 
and a salinity decrease of 0.03 from 2007 to 2008, 
similar to the SPMW change observed after the cold 
winter of 1999/2000.

Figure 44. 
Area 5b – Irminger Sea. 
Temperature (upper panel) and 
salinity (lower panel) of Subpolar 
Mode Water (averaged over 200–
400 m).
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Salinity

Understanding patterns of variability 
  
The ocean at any one location varies on many time-scales, from hours and days to decades, centuries, 
and millennia. In this report, we aim to identify variations on a time-scale of months to decades, so that, 
when we interpret time-series that sample the ocean only a few times a year, or even once a year, we can 
understand how the shorter time-scales or higher frequency changes might affect the results. A good 
example is the apparently erratic behaviour of the annual time-series from deep water in the Irminger 
Sea. A new set of daily measurements with a moored sensor system over three years (2003–2006) 
reveals that the erratic annual time-series is, in fact, a poor representation of variability within each year. 
This is known as “aliasing” and is a significant problem in interpreting long-term changes.
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4.11 Area 6 – Faroe Bank Channel and 
Faroe Current
 
 
one branch of the north atlantic current 
crosses the greenland–scotland ridge on 
both sides of the faroes. its properties are 
sampled by the faroe bank channel before it 
crosses the ridge, and by the faroe current 
after it crosses the ridge. 

Temperature and salinity of the upper waters in the 
Faroe region increased from the mid-1990s until 
2003–2004, after which they decreased slightly. 
However, they returned to their maximal values in 
2008.

Figure 45. 
Area 7 – Faroe–Shetland Channel. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) in the Atlantic 
Water in the Slope Current.

Figure 46. 
Area 6 – Faroe Bank Channel and 
Faroe Current. Temperature (upper 
panel) and salinity (lower panel) 
in the core of the Faroe Current 
(maximum salinity averaged over 
a 50 m deep layer).
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Figure 47. 
Area 6 – Faroe Bank Channel 
and Faroe Current. 2008 monthly 
temperature data from the Faroe 
coastal station at Oyrargjogv 
(62.12°N 7.17°W). Note the 
average values were calculated 
from the nearby station at 
Mykines (69.10°N 7.66°W). 

Mooring recovery on RV Merian in Fram Strait, image courtesy of A. Beszczynska-Möller, AWI, Germany.
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4.12 Area 7 – Faroe–Shetland Channel

 
the continental slope current flows along the 
edge of the northwest european continental 
shelf, originating in the southern rockall 
trough. it carries warm, saline atlantic water 
(aw) into the faroe–shetland channel. a 
proportion of this aw crosses onto the shelf 
itself and enters the north sea, where it is 
diluted with coastal water and eventually 
leaves in the norwegian coastal current. 
the remainder enters the norwegian sea to 
become the norwegian aw and also enters 
the faroe–shetland channel from the north 
after circulating around the faroe islands. 
this second branch of aw joins the waters 
originating in the slope current and also 
enters the norwegian sea.
 
 

The temperature and salinity of the surface waters 
of the Faroe–Shetland Channel have generally 
increased over the past two decades, with record-
high temperatures observed in 2003. Both 
temperature and salinity have declined slightly 
since 2003. Although salinity values were high in 
2003, they have been at this level in the past. There 
is no update for 2008.

Figure 48. 
Area 7 – Faroe–Shetland Channel. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) in the Atlantic 
Water in the Slope Current.
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Figure 49. 
Area 7 – Faroe–Shetland 
Channel. Temperature anomaly 
(upper panel) and salinity 
anomaly (lower panel) in the 
Modified Atlantic Water entering 
the Faroe–Shetland Channel from 
the north after circulating around 
the Faeroes.

Sampling frequency

Since 1970, the sampling frequency in the Faroe–Shetland Channel has increased and, over that period, 
a decadal-scale cycle of temperature and salinity has emerged in the properties of the Atlantic Water, 
thought to be related to wider scale changes in atmospheric and oceanic circulation. This pattern is 
not as clear in the Modified North Atlantic Water, which travels into the Faroe–Shetland Channel from 
around the north of the Faroes.

4.13 Areas 8 and 9 – Northern and southern 
North Sea

 
north sea oceanographic conditions are 
determined by the inflow of saline atlantic 
water (aw) and the ocean–atmosphere heat 
exchange. the inflow through the northern 
entrances (and, to a lesser degree, through the 
english channel) can be strongly influenced 
by the nao. numerical model simulations also 
demonstrate strong differences in the north 
sea circulation, depending on the state of the 
nao. the aw mixes with river run-off and lower 
salinity baltic outflow along the norwegian 
coast. a balance of tidal mixing and local 
heating forces the development of a seasonal 
stratification from april/may to september in 
most parts of the north sea.

During 2008, the weekly means of area-averaged 
SST were slightly above the long-term means. At 
the beginning of 2008, the heat excess from the 
previous year was much less than at the beginning 
of 2007. The anomalies varied between +0.4 and 
+1.7°C. In December 2008 and January 2009, the 
SST matched the long-term mean (+0.1 and 0.0°C). 
Compared with 2007, seasonal warming started 
later and seasonal cooling started earlier, i.e. the 
2008 vegetation period was shorter than in 2007.
 
The temperature distribution in the North Sea 
usually has a gradient, with increasing temperatures 
from the open northern boundary towards the 
inner German Bight and with isotherms running 
approximately SW–NE. In 2008, the near-surface 
isotherms were running roughly NNW–SSE, with 
a pronounced warming along the Norwegian and 
Danish coasts, although the monthly averaged SST 
for July 2008 had a positive anomaly of only 0.6°C.
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In 2008, the bottom layer exhibited a typical gradient, 
with isotherms running approximately SW–NE, and 
with temperatures and spatial pattern comparable 
to 2007. The area covered by the 8°C isotherm was 
greater than in 2007, and temperatures close to the 
Dutch coast were locally about 1°C lower.
 
The Helgoland Roads standard station demonstrates 
that, since the cold winter of 1995/1996, SSTs have 
been above the 30-year mean (1971–2000), with 
positive anomalies of 0.5–1.0°C.
  
Compared with 2007, the salinity concentrations 
in the surface and bottom layers increased in the 
northern part of the North Sea, while the southern 
part became fresher. The tongue of Atlantic Water 
(AW) with salinity >35 in the near-surface layer 
reached about half a degree farther to the south. In 
the bottom layer, the 35.25 isohaline extended to 
about 58°N over the entire North Sea between the 
Scottish and Norwegian coasts, covering a much 
larger area than in the previous year. The position 
of the 34 isohaline at the bottom was comparable to 
2007. At the surface, north of 57°N, the 34 isohaline 
was located about one degree farther west. The total 

salt content during the 2008 survey equals that of the 
2007 survey (1.143 × 1012 tonnes), i.e. the increasing 
salinity in the northern part was compensated by 
the freshening in the southern North Sea.
 
In 2008, the monthly Elbe River run-off was slightly 
above the long-term mean from February to April 
and slightly below it from June to December. The 
annual averaged run-off decreased from 22 km3 
year−1 (which corresponds to the long-term mean) 
to 20 km3 year−1.
 
Temperature and salinity at two positions in the 
northern North Sea illustrate conditions in the 
Atlantic inflow (Figure 51). The first (Location A) is 
at near bottom in the northwestern part of the North 
Sea, and the second (Location B) is in the core of 
the AW at the western shelf edge of the Norwegian 
Trench. Measurements were taken during summer 
and represent the previous winter’s conditions. The 
average temperature at Location A was 1–2°C lower 
than at Location B, and salinity was also slightly 
lower. In both locations, temperatures and salinities 
were above average in 2008. 
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Figure 50. 
Area 8 – Northern North Sea. 
Modelled annual mean (bold) and 
monthly mean volume transport 
of Atlantic Water into the 
northern and central North Sea 
southwards between the Orkney 
Islands and Utsire, Norway.

Skagerrak

In the Skagerrak, in addition to overall increased temperature, the length of the warm season 
has increased significantly over the past few years (conditions in the Skagerrak are thought to be 
representative of conditions throughout the North Sea). This is unlike most of the past 45 years, though 
similar conditions were observed around 1990. The result is that cold water, previously observed during 
large parts of the year, has now been absent for several years. Together with the high temperatures, this 
will have significant effects on ecosystem dynamics in the North Sea and the Skagerrak.
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Figure 51. 
Area 8 – Northern North Sea. 
Temperature (upper panel) and 
salinity (lower panel) near the 
seabed in the northwestern part 
of the North Sea (Location A) 
and in the core of Atlantic Water 
at the western shelf edge of the 
Norwegian Trench (Location B) 
during the summers of 1970–
2007.

Figure 52. 
Area 8 – Northern North Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) in the Fair Isle 
Current entering the North Sea 
from the North Atlantic.
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Figure 53. 
Area 9 – Southern North Sea. 
Annual mean surface temperature 
anomaly (upper panel) and 
salinity anomaly (lower panel) at 
Station Helgoland Roads.

Figure 54. 
Area 9 – Southern North Sea. 2008 
monthly surface temperature (left 
panel) and salinity (right panel) 
at Station Helgoland Roads.
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Figure 55. 
Area 9 – Southern North 
Sea. Normalized sea surface 
temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) relative to 1971–
2000, measured along 52°N by 
a regular ferry at six standard 
stations. The time-series reveals 
the seasonal section average 
(DJF, MAM, JJA, SON) of the 
normalized variable..

Figure 56. 
Areas 8 and 9 – Northern and 
southern North Sea. North 
Sea area-averaged sea surface 
temperature (SST) annual cycle; 
2008 monthly means based on 
operational weekly North Sea 
SST maps.
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4.14 Area 9b – Skagerrak, Kattegat, and the 
Baltic
 
 
the seas in area 9b are characterized by large 
salinity variations. in the skagerrak, water 
masses from different parts of the north sea 
are present. the kattegat is a transition area 
between the baltic and the skagerrak. the 
water is strongly stratified, with a permanent 
halocline (sharp change in salinity at depth). 
the deep water in the baltic proper, which 
enters through the belts and the sound, 
can be stagnant for long periods in the 
inner basins. in the relatively shallow area 
in the southern baltic, smaller inflows pass 
relatively quickly, and the conditions in the 
deep water are very variable. surface salinity is 
very low in the baltic proper and the gulf of 
bothnia. the latter area is ice covered during 
winter.
 
  
Owing to its central location relative to the Skagerrak, 
Kattegat, and Baltic, the weather in Sweden can be 
taken as representative for the area. The mean air 
temperature during 2008 was 1–2°C above normal 
in most parts of Sweden, which was higher than 
in 2007, but not as high as in 2006. The start of 
2008 was mild, with winter conditions beginning 
in March. The first part of June and the end of July 

were warm, separated by a cool and rainy period. 
A normal autumn was followed by another warm 
December. Precipitation was above average in most 
parts of Sweden, and conditions were somewhat 
sunnier and less windy than normal.
 
The SST was above normal in January and February 
in the whole area. Higher than normal temperatures 
were also observed in June and at the end of 
July, with the highest anomalies in Kattegat and 
Skagerrak. For the rest of the year, temperatures 
were close to normal.
  
There were a few minor inflow events into the Baltic 
during 2008, but the effect on oxygen conditions in 
the deep water of the Arkona and Bornholm Basins 
was of short duration.
 
The freeze-up was unusually late during winter 
2007/2008, even later than in the previous ice 
seasons. During the first two months of 2008, there 
was very little ice, and the Bothnian Bay was not ice-
covered until the final weeks of March. Maximum 
ice extent occurred on 24 March, and its value was 
the lowest observed in the time-series starting 
at 1961. 
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another warm winter 
with record-low ice 
cover in the baltic sea.

Figure 57. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. Surface 
temperature (upper panel) and 
surface salinity (lower panel) at 
Station BY15 (east of Gotland) in 
the Baltic Proper.
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RV Aranda in the Gulf of Finland, image courtesy of Ilkka Lastumäki, Finnish Institute of Marine Research, Finland.

Figure 58. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. 2008 monthly 
surface temperature (left panel) 
and salinity (right panel) at 
Station BY15 (east of Gotland) in 
the Baltic Proper.

Figure 59. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. Salinity at Station 
LL7 in the Gulf of Finland.
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Figure 60. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. Salinity at Station 
B03 in the Bothnian Bay.

Figure 61. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. Salinity at Station 
SR5 in the Bothnian Sea.

Figure 62. 
Area 9b – Skagerrak, Kattegat, 
and the Baltic. The ice extent in 
the Baltic since 1961. 
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Figure 63. 
Area 10 – Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at Svinøy Section 
(63°N).

4.15 Area 10 – Norwegian Sea

 
the norwegian sea is characterized by warm 
atlantic water on the eastern side and cold 
arctic water on the western side, separated 
by the arctic front. atlantic water enters the 
norwegian sea through the faroe–shetland 
channel and between the faroes and iceland via 
the faroe front. a smaller branch, the north 
icelandic irminger current, enters the nordic 
seas on the western side of iceland. atlantic 
water flows northwards as the norwegian 
atlantic current, which splits when it reaches 
northern norway; some enters the barents 
sea, while the rest continues northwards 
into the arctic ocean as the west spitsbergen 
current.

 

Three sections from south to north in the eastern 
Norwegian Sea show the development of 
temperature and salinity in the core of the Atlantic 
Water (AW) (Svinøy, Gimsøy, and Sørkapp). In 
general, there has been an increase in temperature 
and salinity in all three sections from the mid-1990s 
to the present. However, in all three sections, both 
the temperature and salinity decreased from 2007 
to 2008, but were still above the long-term means.
 
In 2008, temperature and salinity values were 0.2°C, 
0.1°C, and 0.3°C, and 0.04, 0.01, and 0.05 above the 
long-term means for the time-series in the Svinøy, 
Gimsøy, and Sørkapp Sections, respectively. The 
high salinity values reflect saltier AW in the Faroe–
Shetland Channel.
 
Data from Ocean Weather Station “Mike”, located 
at 66°N 2°E, revealed the 2008 temperature and 
salinity at 50 m to be above the long-term mean, 
although both showed a slight decrease from 2004 
values. Note that there were no updates of the 
monthly dataset in 2008.
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Figure 64. 
Area 10 – Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at Gimsøy Section 
(69°N).

Figure 65. 
Area 10 – Norwegian Sea. 
Average temperature (upper 
panel) and salinity (lower panel) 
above the slope at Sørkapp Section 
(76°N).
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Figure 66. 
Area 10 – Norwegian Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) at 50 m at Ocean 
Weather Station “Mike” (66°N 
2°E).

Figure 67. 
Norwegian Sea. 2007 monthly 
temperature (left panel) and 
salinity (right panel) at 50 m at 
Ocean Weather Station “Mike” 
(66°N 2°E). NOTE: No updates 
of monthly data are available for 
2008.  
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4.16 Area 11 – Barents Sea

 
the barents sea is a shelf sea, receiving an 
inflow of warm atlantic water from the west. 
the inflow shows considerable seasonal and 
interannual fluctuations in volume and water 
mass properties, particularly in heat content 
and, consequently, ice coverage.
 
 
In 1996 and 1997, after a period with high 
temperatures in the first half of the 1990s, 
temperatures in the Barents Sea dropped to values 
slightly below the long-term average. From March 
1998, the temperature in the western Barents Sea 
increased to just above the average, while the 
temperature in the eastern part remained below 
the average during 1998. From the beginning of 
1999, there was a rapid temperature increase in the 
western Barents Sea that also spread to the eastern 
part. Since then, the temperature has remained 
above average.
 
In the southern Barents Sea, water temperature 
in 2008 was about 0.8°C above the long-term 
mean. The temperature of the Atlantic Water was 
0.2–2.1ºC higher than the average throughout the 
year, depending on time and place. The positive 
anomalies gradually decreased, from 1.2–2.1°C in 

January–March to 0.2–0.8°C in August–September, 
and then increased to 0.6–1.4°C during autumn 
2008. In the coastal waters in the Kola Section, 
negative temperature anomalies were registered 
in September 2008. Such cold anomalies have not 
been observed there in September for the past 10 
years. Although it started out warmer, 2008 was, 
on the whole, colder than the previous two years. 
Throughout the year, the total extent of sea-ice was 
less than the long-term average, but greater than 
in 2007.
 
The volume flux into the Barents Sea varies over 
periods of several years, and was significantly lower 
during 1997–2002 than during 2003–2006. The year 
2006 was special because the volume flux had both 
a maximum (in winter 2005/2006) and a minimum 
(in autumn 2006). Since then, the inflow has been 
low, particularly during spring and summer. The 
inflow in 2008 was similar to 2007: moderate during 
winter followed by a strong decrease in spring. In 
early summer 2008 (the time of the most recent 
data), the flux was close to the average. There was 
no significant trend in the observed volume flux 
from 1997 to summer 2008.
 
The water temperature in the Barents Sea in 2009 is 
expected to be higher than the long-term mean, but 
probably lower than in 2008.

Figure 68. 
Area 11 – Barents Sea. 
Temperature anomaly (upper 
panel) and salinity anomaly 
(lower panel) in the Fugløya – 
Bear Island Section.
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4.17 Area 12 – Greenland Sea and Fram 
Strait
 
 
fram strait is the northern border of 
the nordic seas. it is the deepest passage 
connecting the arctic to the rest of the 
world ocean and one of the main routes 
whereby atlantic water (aw) enters the arctic 
(the other is the barents sea). the aw is carried 
northwards by the west spitsbergen current, 
and volume and heat fluxes demonstrate 
strong seasonal and interannual variations. 
a significant part of the aw also recirculates 
within fram strait and returns southwards 
(return atlantic water). polar water from the 
arctic ocean flows southwards in the east 
greenland current and affects water masses 
in the nordic seas.

  
In 2008, there was a decrease in Atlantic Water 
(AW) temperature and salinity at the eastern rim of 
the Greenland Sea (75°N) relative to 2007 and their 
values returned to the long-term averages. At the 
western boundary, the salinity of Return Atlantic 
Water (RAW) in 2008 was similar to that observed 
in 2007, and temperature decreased slightly. In the 
central basin, a warm and saline anomaly spread 
from the upper layer down to ca. 1500 m, and 

the two-layer structure was maintained in 2008. 
The interface between the two layers descended 
and showed a depression in the centre. Winter 
convection extended to 1700 m, but the ventilated 
layer remained unexpectedly warm and saline. This 
is because the import of warm and salty AW was not 
balanced by an import of cold and fresh Polar Waters. 
During winter convection, the increases in density 
occurred due to advection of salt by Atlantic waters 
rather than localized salt formation (which occurs 
during formation of sea-ice). The dominant input of 
AW tends to prevent ice formation and to vertically 
homogenize the waters ventilated by winter 
convection. Two essential events have resulted in 
far-reaching changes of the hydrographic structure 
in the Greenland Basin since the last phase of the 
classical cold-water dome structure in the 1980s. 
The first event was the globally unique, basin-wide 
rearrangement of the hydrographic structure by the 
establishment of the two-layer pattern in 1990/1991, 
which replaced the cold-water dome structure, and 
the second was the overwhelming input of AW 
since 2005.
 
In the southern Fram Strait, AW salinity and 
temperature have decreased significantly from 
their maxima in 2006. At the standard section along 
the 76.50°N latitude, mean salinity at 200 dbar, 
averaged between meridians 009–012ºE, decreased 
from 35.112 in 2007 to 35.075 in summer 2008. 

Figure 69. 
Area 11 – Barents Sea. 
Temperature (upper panel) and 
salinity (lower panel) in the Kola 
Section (0–200 m).
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Mean salinity at this section was still higher than 
the 13-year mean (35.053). Changes in temperature 
were more pronounced. Mean temperature at 
200 dbar has decreased from 4.50ºC in summer 
2006 and 3.84ºC in summer 2007 to 3.08ºC in 
summer 2008, and was lower than the 13-year 
mean (3.14ºC). Nevertheless, the linear trends of 
AW temperature and salinity were still positive. 
  
In the northern Fram Strait (78.83°N), three 
characteristic areas can be distinguished in relation 
to the main flows: the West Spitsbergen Current 
(WSC) between the shelf edge and 5°E, the Return 
Atlantic Current (RAC) between 3°W and 5°E, and 
the Polar Water in the East Greenland Current 
(EGC) between 3°W and the Greenland Shelf.  

 

In 2008, temperature and salinity in the upper 
layer (50–500 m) significantly decreased in all three 
domains after a period of steady increase which had 
lasted since 2003. Consequently, all values were 
close to their long-term means, except salinity in 
the EGC, which was much lower than average (the 
lowest in the observation period). Temperature in 
the EGC also decreased below the mean.
 

The increase in temperature and salinity observed 
in the RAC and EGC since 2003 was related to 
the westward shift of the boundary between the 
recirculating Atlantic and Polar Waters. In 2008, the 
recirculating AW still extended farther westward 
than in the 1990s, but was less warm and less saline 
than in recent years. The hydrographic properties 
of the AW mass (defined as water mass with T 
>2°C and S >34.92), based on summer sections, 
which had revealed a clear positive trend over the 
previous seven years, began to decrease in summer 
2007, and this decrease has continued in 2008. The 
areal coverage of the AW (a proxy for the amount of 
AW in Fram Strait) has declined significantly in the 
past two years, after five years of steady increase.  
  
The winter-centred annual mean of net transport 
through Fram Strait in 2007/2008 remained close to 
that found in 2006/2007. However, inflow of AW in 
2008 was significantly lower than its peak in 2007. 
Together with lower temperatures of AW, it resulted 
in a decreased heat flux through Fram Strait to 
the Arctic Ocean. Relatively strong outflow was 
maintained in the EGC, similar to the previous year. 
Due to cooler AW inflow and lower oceanic heat 
flux into the WSC, sea-ice cover in the northern 
Fram Strait and north of Svalbard was greater than 
in the previous two years.
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Figure 70. 
Area 12 – Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 200 m in the Spitsbergen 
Section (76.50°N).

both temperature and salinity decreased 
in the atlantic water in the greenland 
sea and fram strait in 2008.
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Figure 71. 
Area 12 – Greenland Sea 
and Fram Strait. Temperature 
anomaly (upper panel) and 
salinity (lower panel) anomaly of 
Atlantic Water (AW) and Return 
Atlantic Water (RAW) in the 
Greenland Sea Section at 75°N. 
AW properties are 50–150 m 
averages at 10–13°E. The RAW 
is characterized by temperature 
and salinity maxima below 50 m 
averaged over three stations west 
of 11.5°W.

Figure 72. 
Area 12 – Greenland Sea and 
Fram Strait. Temperature anomaly 
(upper panel) and salinity (lower 
panel) anomaly in Fram Strait 
(78.83°N) at 50–500 m: in the 
West Spitsbergen Current (WSC; 
between the shelf edge and 5°E), 
in the Return Atlantic Current 
(RAC; between 3°W and 5°E), 
and in the Polar Water in the 
East Greenland Current (EGC; 
between 3°W and the Greenland 
Shelf).
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5.DETAILED AREA
DESCRIPTIONS,PART II: 
THE DEEP OCEAN
 
5.1 Introduction
 
In this section, we focus on the deeper waters of 
the Nordic Seas and the North Atlantic, typically 
below 1000 m. The general circulation scheme and 
dominant water masses are given in Figure 73.
 
 
at the northern boundary of our region of 
interest, the cold and dense outflow from 
the arctic ocean enters fram strait and 
reaches the greenland sea. the outflow is a 
mixture of eurasian basin and canadian basin 
deep waters and upper polar deep water (updw). 
the eurasian deep water feeds the densest 
water of all nordic seas: the greenland sea 
bottom water. the canadian basin deep water 
and updw supply the arctic intermediate water 
in the greenland sea, and the updw also 
includes products of the winter convection.  
  
the deep southward outflow from the north 
atlantic in the deep western boundary current 

is fed by the cold and dense overflow waters. 
the deepest and densest is the denmark strait 
overflow water. this water mass originates 
in the arctic intermediate water produced 
in the greenland and iceland seas by winter 
convection and mixing with surrounding 
water masses. the denmark strait overflow 
water sinks to the bottom as it passes over the 
denmark strait sill, vigorously entraining 
ambient water. downstream, it is overlain 
by an intermediate water mass, the labrador 
sea water, formed by deep winter convection 
in the labrador sea. the middle layer of the 
deep, cold-water export in the deep western 
boundary current is supplied by the iceland–
scotland overflow water, originating in 
water masses formed in the norwegian sea 
(arctic intermediate water and north atlantic 
deep water). passing through the icelandic 
basin, the iceland–scotland overflow water 
also entrains upper ocean water and labrador 
sea water. the deep antarctic bottom water 
enters the north atlantic on the western side 
and some of the lower deep water accompanies 
the inflow of mediterranean water on the 
eastern side.

Figure 73. 
Schematic circulation of the 
intermediate to deep waters 
in the Nordic Seas and North 
Atlantic. uPDW = upper Polar 
Deep Water, CBDW = Canadian 
Basin Deep Water; EBDW = 
Eurasian Basin Deep Water; AIW 
= Arctic Intermediate Water; 
GSDW = Greenland Sea Deep 
Water; NSDW = Norwegian Sea 
Deep Water; DSOW = Denmark 
Strait Overflow Water; ISOW 
= Iceland–Scotland Overflow 
Water; LSW = Labrador 
Sea Water; NADW = North 
Atlantic Deep Water; AABW = 
Antarctic Bottom Water; MW 
= Mediterranean Water; LDW 
= Lower Deep Water. Circled 
stars indicate possible convection 
regions. 
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Figure 74. 
Area 12 – Greenland Sea and 
Fram Strait. Winter convection 
depths in the Greenland Sea 
Section at 75°N.

5.2 Nordic Seas deep waters
 
The deep waters of the Greenland, Iceland, and 
Norwegian Seas are all warming. The longest time-
series (the Norwegian Sea, Area 10) reveals warming 
from the mid-1980s; however, a slight decrease 
in temperature occurred in 2007. The continuous 
warming has been observed in the Greenland Sea 
deep layer at 3000 m (Area 12), and the temperature 
increase between 2007 and 2008 was the same as the 
increase over the past five years (0.016°C). Warming 
in the Greenland Sea was accompanied by a year-
to-year increase in salinity of 0.001. In the Iceland 
Sea, an increase in temperature in the depth range 
1500–1800 m has been found since the beginning of 
the time-series (early 1990s), but the temperature in 
2008 remained the same as in 2007. The long-term 
warming rates per decade are 0.131°C (Greenland 
Sea), 0.06°C (Norwegian Sea), and 0.063°C (Iceland 
Sea). The source of the warming is the deep outflow 
from the Arctic Ocean, a south-flowing current of 
the Eurasian and Canadian Basin Deep Waters and 
the upper Polar Deep Water found on the western 
side of Fram Strait around a depth of 2000 m. The 
Greenland Sea Deep Water (GSDW) is warming 
fastest owing to its direct contact with this Arctic 
outflow, whereas the Iceland and Norwegian Seas 
are warming more slowly because they are products 
of the mixing of their own ambient waters with 
GSDW and Arctic outflow water.
 
The doming structure in the Greenland Gyre 
is being replaced by a two-layered water mass 
arrangement, after a cessation of deep convection. 
Since the beginning of measurements in 1993, the 
winter convection depth has varied between 700 and 
1600 m, and has only been significantly deeper in 

small-scale convective eddies. In winter 2007/2008, 
the maximum convection depth was estimated to 
be 1700 m, deeper than the previous year (1200 
m) and similar to the maxima observed during 
2001/2002 and 2002/2003. The import of warm and 
salty Atlantic Water (AW) to the Greenland Sea is 
currently not balanced by an import of cool and 
fresh Polar Waters from the north. The AW, which 
dominated changes in the upper ocean, took over 
the role of former ice production as a source of salt 
and densification in the context of winter convection. 
The input of AW tends to prevent ice formation and 
to vertically homogenize the waters ventilated by 
convective processes. The GSDW formerly included 
a small admixture of surface freshwater through 
the convective process and, therefore, had a lower 
salinity than the Arctic outflow waters. The observed 
increase in the GSDW salinity may be due to an 
adjustment to the Arctic outflow in the continued 
absence of deep convection and an increased 
presence of AW in the upper layer. It is unclear 
whether there has been any corresponding salinity 
trend in either the Norwegian or the Iceland Sea 
Deep Waters in recent decades. After some decrease 
in the early 1990s, salinity in both deep basins has 
remained relatively stable for the past decade.

the deep waters of the greenland, 
iceland, and norwegian seas are 
all warming.
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Figure 75. 
Area 12 – Greenland Sea and 
Fram Strait. Temperature (upper 
panel) and salinity (lower panel) 
at 3000 m in the Greenland Sea 
Section at 75°N.

Figure 76. 
Area 3 – Icelandic Waters. 
Temperature at 1500–1800 m in 
the Iceland Sea (68°N 12.67°W).
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Figure 77. 
Area 10 – Norwegian Sea. 
Temperature (upper panel) and 
salinity (lower panel) at 2000 m 
at Ocean Weather Station “Mike” 
(66°N 2°E).
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5.3 North Atlantic deep waters
  
In the deep layers of the Faroe–Shetland Channel 
(Area 7), the properties at 800 m are the same as 
those of Norwegian Sea Deep Water as it passes 
through the channel back into the North Atlantic. 
After a period of decline in the 1990s, temperature 
has increased since 2000, but still remains lower 
than the highest temperatures observed in the 
1950s, 1960s, and early 1980s. The relatively stable 
salinity in the first period of measurements (1950 to 
mid-1970s) was followed by a slow decline through 
the subsequent 15 years; since 1992, it has stabilized 
again.
  
The salinity and potential temperature of the 
Denmark Strait Overflow Water (DSOW) near Cape 
Farewell demonstrated considerable well-correlated 
interannual variations between 1991 and 2007 
(correlation = 0.7). However, from 2007 to 2008, the 
changes in temperature and salinity of the DSOW 
broke this rule. Temperature decreased and salinity 
increased, leading to the highest potential density 
of DSOW since the time-series started in 1991. The 
long-term trends in salinity and temperature since 
1991 are not significant. The interannual variability 
of the DSOW is dominant. The long-term standard 
deviations in temperature and salinity are 0.15ºC 
and 0.014, respectively.
  

In deep waters at Cape Desolation Station 3 (at 
2000 m), which represents the West Greenland 
and Deep Western Boundary Currents, an increase 
in temperature and salinity was observed between 
1984 and 1989, followed by a cooling and freshening 
trend that continued until the late 1990s. Since 1997, 
an increase in temperature (~0.3°C per decade) and, 
since 1998, an increase in salinity (~0.05 per decade) 
have been observed again. In 2008, temperature at 
2000 m was slightly lower than in 2007, but was still 
the second highest observed since 1993. Salinity at 
2000 m remained the same as the previous year.

the highest density denmark strait 
overflow water was observed in 2008.
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Figure 78. 
Area 7 – Faroe–Shetland Channel. 
Temperature (upper panel) and 
salinity (lower panel) at 800 m in 
the Faroe–Shetland Channel..

Figure 79. 
Area 5b – Irminger Sea. 
Temperature (upper panel) and 
salinity (lower panel) in Denmark 
Strait Overflow Water on the East 
Greenland Slope.
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Figure 80. 
Area 1 – West Greenland. 
Temperature (upper panel) and 
salinity (lower panel) at 2000 m 
at Cape Desolation Station 3 in 
the West Greenland Current.

Image courtesy of H. Klein, BSH, Germany
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5.4 North Atlantic intermediate waters
  
In the central Irminger Sea (Area 5b), the cold, low-
salinity core was observed between 1600 and 2000 
m in the early 1990s as a result of the deep Labrador 
Sea Water (LSW) formation in 1988–1995. Since 
1996, a quasi-continuous increase in temperature 
and salinity has been observed (with one exception in 
2000, when both properties decreased temporarily) 
as the LSW mixes with surrounding water masses. 
After levelling in 2001–2002, overall temperature 
and salinity slowly increased until 2008, reaching 
the highest values observed since 1991. 

In the Rockall Trough (Area 5), the core of the LSW 
at 1800–2000 m is defined as the part of the water 
column with the lowest stratification. The persistent 
cooling and freshening of this intermediate water 
mass continued during 2008 and was accompanied 
by a gradual increase in density and depth (at rates 
of 0.44 × 10−3 kg m−3 and 5 m year−1, respectively). 
Both state variables were slightly higher than the 
record lows of 2007, although no significance is 
attributed to this.
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Figure 81. 
Area 5b – Irminger Sea. 
Temperature (upper panel) and 
salinity (lower panel) of Labrador 
Sea Water (averaged over 1600–
2000 m).

Figure 82. 
Area 5 – Rockall Trough. 
Temperature (upper panel) and 
salinity (lower panel) of Labrador 
Sea Water (1800–2000 m).
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Area		  Figures	 Time-series	 Contact	 Institute

1 	 West Greenland	 14	 Nuuk-air temperature	 Manfred Stein 	 Danish Meteorological Institute (DMI), Denmark, 		
				    (manfred.stein@ish.bfa-fish.dk)	 and Seewetter-amt, Hamburg, Germany

1 	 West Greenland	 15, 16, 80	 Fyllas Bank Station 4 and 	 Manfred Stein 	 Institut für Seefischerei (Institute for Sea Fisheries),		
	  		  Cape Desolation Section 3	 (manfred.stein@ish.bfa-fish.dk)	 Germany

2 	 Northwest Atlantic	 17, 18	 Cabot Straight – sea ice,  	 Brian Petrie 	 Bedford Institute of Oceanography (BIO),			 
			   Sable Island – air temperature,	 (PetrieB@mar.dfo-mpo.gc.ca)	 Fisheries and Oceans, Canada				 
			   Misaine Bank

2 	 Northwest Atlantic	 19	 Emerald Basin	 Brian Petrie	 Bedford Institute of Oceanography (BIO),			 
				    (PetrieB@mar.dfo-mpo.gc.ca)	 Fisheries and Oceans, Canada 

2 	 Northwest Atlantic	 20, 21, 22	 Sea Ice, Cartwright – air	 Eugene Colbourne	 Northwest Atlantic Fisheries Centre, 			 
			   temperature, Station 27 – CIL	 (colbourn@dfo-mpo.gc.ca)	 Canada 

2b	  Labrador Sea	 23, 24, 25	 Section AR7W	 Ross Hendry 	 Bedford Institute of Oceanography (BIO), 			 
				    (Ross.Hendry@dfo-mpo.gc.ca)	 Fisheries and Oceans Canada

2c	  Mid-Atlantic Bight	 26, 27, 28	 Central MAB and Guf of Marine	 Robert Pickart	 Woods Hole Oceanographic Institution, USA		
				    (rpickart@whoi.edu)	

2c	  Mid-Atlantic Bight	 29, 30	 Georges Bank	 Maureen Taylor	 NOAA Fisheries, NEFSC Oceanography Branch, USA		
				    (mtaylor@mercury.wh.whoi.edu)

3	  Icelandic Waters	 31, 32, 33,	 Air temperatures, Siglunes	 Hedinn Valdimarsson 	 Hafrannsoknastofnunin (Marine Research			 
		  34, 35, 76	 Stations 2–4, Selvogsbanki	 (hv@hafro.is)	 Institute), Iceland				  
			   Station 5, Langanes Stations 2–6, 								      
			   deep data – to 1800 m

4 	 Bay of Biscay	 36	 San Sebastian – sea surface	 Victor Valencia 	 AZTI, Aquarium of San Sebastian (SOG) and Igeldo 		
			   and air temperatures	 (vvalencia@pas.azti.es)	 Meteorological Observatory (INM) in San Sebastian, Spain

4 	 Bay of Biscay	 37, 38	 Santander Station 6	 Alicia Lavin	 Instituto Español de Oceanografía (IEO, 			 
			   (shelf break)	 (alicia.lavin@st.ieo.es)	 Spanish Institute of Oceanography), Spain

4b	 NW European	 39, 40 	 Western Channel Observatory	 Tim J. Smyth	 Marine Biological Association (MBA) and			 
	 continental shelf		  Station E1	 (tjsm@pml.ac.uk)	 Plymouth Marine Laboratory (PML), UK

4b	 NW European	 41	 Malin Head Weather Station	 Glenn Nolan	 Marine Institute and Met Éireann, Ireland			 
	 continental shelf			   (Glenn.Nolan@marine.ie)

4b 	 NW European	 42	 M3 Marine Weather Buoy	 Sheena Fennel	 Marine Institute, Ireland				  
			   continental shelf	 (Sheena.Fennell@marine.ie)	

5 	 Rockall Trough	 43, 82	 Ellet Line; 	 Toby Sherwin	 National Oceanography Centre, Southampton (NOCS)		
			   deep data – to 2000 m	 (toby.sherwin@sams.ac.uk)	 and Scottish Association for Marine Science (SAMS), UK

5b	  Irminger Sea	 44, 79, 81	  Irminger Sea	 H. M. van Aken 	 Koninklijk Nederlands Instituut voor Zeeonderzoek	  	
				    (aken@nioz.nl)	 (NIOZ, Royal Netherlands Institute for Sea Research), Netherlands

6 	 Faroe Bank Channel	 45, 46, 47	 Faroe Bank Channel	 Karin Margretha Larsen 	 Havstovan (Faroe Marine Research Institute, FAMRI),		
			   Faroe Current, coastal stations	 (KarinL@frs.fo)	 Faroe Islands

7 	 Faroe-Shetland Channel	 48, 49, 78	 Faroe-Shetland Channel	 Sarah Hughes (s.hughes@marlab.ac.uk)	 Fisheries Research Services (FRS), Aberdeen, UK	

8	 North Sea	 50	 Modelled North Sea Inflow	 Morten Skogen (morten@imr.no)	 Institute of Marine Research (IMR), Norway

8	 North Sea	 51	 North Sea Utsira Section	 Solfrid Hjollo	 Institute of Marine Research (IMR), Norway			
			   Station A and B	 (solfrid.hjollo@imr.no)	

8	 North Sea	 52	 Fair Isle Current Water	 Sarah Hughes (s.hughes@marlab.ac.uk)	 Fisheries Research Services (FRS), Aberdeen, UK	

9	 North Sea	 53, 54	 Helgoland Roads – Coastal	 Karen Wiltshire 	 Alfred-Wegener-Institut / Biologische Anstalt		
			   Waters – German Bight, North Sea	 (kwiltshire@awi-bremerhaven.de)	 Helgoland (AWI/BAH), Germany 

9	 North Sea	 55	 Felixstowe – Rotterdam (52˚N) – 	 Stephen Dye 	 Centre for Environment Fisheries and 			 
			   section average,	 (stephen.dye@cefas.co.uk)	 Aquaculture Science (CEFAS), UK

8&9	 North Sea	 56	 Sea surface temperature –	 Peter Loewe 	 Bundesamt für Seeschifffahrt und Hydrographie, (BSH, Federal	
			   North Sea average	 (peter.loewe@bsh.de)	 Maritime and Hydrographic Agency), Hamburg, Germany

9b	 Skagerrak, Kattegat	 57, 58, 62	 Station BY15 (east of Gotland),	 Karin Borenas 	 Swedish Meteorological and 				  
	 and the Baltic Sea		  Baltic Proper; observed ice extent	 (karin.borenas@smhi.se)	 Hydrological Institute (SMHI), Sweden

9b	 Skagerrak, Kattegat	 59, 60, 61	 Stations LL7, BO3 and SR5	 Pekka Alenius	 Finnish Institute of Marine Research (FIMR), Finland		
	 and the Baltic Sea			   (pekka.alenius@fimr.fi)

10	 Norwegian Sea	 63, 64, 65	 Svinøy, Gimsøy, and	 Kjell Arne Mork 	 Institute of Marine Research (IMR), Norway			
			   Sørkapp Sections	 (kjell.arne.mork@imr.no)	

10	 Norwegian Sea	 66, 67, 77	 Ocean Weather Station “Mike” –	 Svein Østerhus 	 Geophysical Institute, University of Bergen, 			
			   50 m and 2000 m	 (Svein.Osterhus@gfi.uib.no)	 Norway

11	 Barents Sea	 68	 Fugløya – Bear Island Section,	 Randi Ingvaldsen	 Institute of Marine Research (IMR), Norway			
			   western Barents Sea –	 (randi.ingvaldsen@imr.no)							     
			   Atlantic Inflow

11	 Barents Sea	 69	 Kola Section, 	  Oleg V. Titov 	 Knipovich Polar Research Institute of Marine		
			   eastern Barents Sea	 (titov@pinro.ru)	 Fisheries and Oceanography (PINRO), Russia

12	 Greenland Sea  	 70	 Spitsbergen Section (76.5˚N)	 Waldemar Walczowski	 Institute of Oceanology, Polish	Academy of Sciences		
	 and Fram Strait			   (walczows@iopan.gda.pl)	 (IOPAS), Poland

12	 Greenland Sea 	 71, 75	 Greenland Sea Section (75˚N)	 G. Budeus	 Alfred Wegener Institute for Polar 			 
	 and Fram Strait			   (Gereon.Budeus@awi.de)	 and Marine Research (AWI), Germany

12	 Greenland Sea 	 72	 Fram Strait Section	 A. Beszczynska-Möller	 Alfred Wegener Institute for Polar			 
	 and Fram Strait			   (abeszczynska@awi-bremerhaven.de)	 and Marine Research (AWI), Germany

12	 Greenland Sea 	 74	 Greenland Sea Section –	 G. Budeus	 Alfred Wegener Institute for Polar 			 
	 and Fram Strait		  convection depth	 (Gereon.Budeus@awi.de)	 and Marine Research (AWI), Germany
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